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Sunrxary

Annual Report ;}III includes rcsults of examinations of
stored shelter rations as follows:

Codes Products Storage Periods

cpl, 3, 5, &8 survival cracker 18 and 24 months
ce, 4, 6, & 7 survival biscuits 18 and 24 nonths
CD9 & 10 wvafers, bulgur vheat 18 and 24 months
c1l, 12, & 13 carbohydrate

supplements 6 and 12 months

THIS I8 A PROGRESS REPORT, CONCLUSIONS STATED MAY BE SUBJECE TO

'cm""‘ GE ON THE BASIS OF AUDITIONAL EVITENCE, THIS INFORMATICN IS NOT
mmm NATICK
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Data Tor rations CDL-5 [rom the lu-months examination wvere
sivena in Report No, II; they are repeated here in order to fit
crackers CDl, 3, 5 and biscuits CD2, 4 into tle overall pattern of
second ye&ar storage.

I. Fibervoard Cases.

I.1. 3Bursting strength decreased vy a mean of 40 psiy at 100°F
and increased vy & ween ol 26 psiy at 40° and 0°, witia no signi-
Ticant trend at 70°. Cases having bursting strength velow 4CO
wsiy increased from the initial 3.5% to mean lovels oi 44.G% at
100° and 10.3% at lover temperatures,

I.2. Moisture coantent rauged with temperatuvre and hunidity conditions
{rom a mean of (.lp at 100°/57% to 12.4% at 0°/amb., tae only
si_nificant change from first-year eguilibria being a mean
redvction from 10.0p at & months at 6.,8% at 10 and 24 months in
the lOOO/CO% condition. This change apparently resulted from
alterations in load 2nd stacking pettern in the storege room.

I.3. General condition of cases was satisfactory fcor continuved
stora,e at all conditions, with no significant amounts of mold,
delamination or lcosening of flaps. Cases contaiaing tae lheavier
vefer and supplement cans were moderately wrinkled and bulged
in the stacks, howvever, and there were moderate amounts of moisture .
staining of cases aud cans from the 0% r.u., conditions.

I.L. Case msrkings rewained almost entirely es raceived, with no
scriovs fading or olurring os print at any storage condition.

II. Metal ngg

II.1-3. External corrosion ¢ pitted rvst near seams end in a few
insteinces on Lanels and voutoms increased sligitly (out erra-
tically during the second yeer, particularly at thae LMo r.h.
conditions) in proportion to staage teLperatures,

Internal corrosion es surface discoloration wv.ere packages
or products touched t.oe cans elso incressed scwevhat at 100° and
T0°F. There vas practically no pitting of internal swrfaces.

II.k. Defects in coatin;,s of cans ‘sere essentially rustin; near
seamg, wich no evidence of further ercsion except in a lew aress
of specliled rust where coating ‘mas apparently thin on panels.

II.5. Leaking cans averaged sbout S% of ell cans examined thraugh
10 wonths, increasing to 20% at 24 months. (uestionable lesiers
ranged ca 5 2% fro. initial tirough 24 months. There wvere no
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leakers emoin; wafer cans, practically none in one lot of crackers,
tvo of vi ~rits cne of caroohydrate suppleuent. Avout 75% of
cans leaked iu one lot of biscults, 35% in one of supplement,

25% in one of crackers. No leaks were ettrivuted to corrosion or
aasocliatved witin storaze conditions.

III, Rations.
III.A. Bakery Items.

IIT.A.l.a, Package gseals and materials increased in mean breakage
during the second year by about 8% for crackers, 22% for biscuits,
only O.4% for vafers. Broken seals predominated in crackers,
torn packages in biscults; one lot of biscuits had no broken pack-
ages, one had no oroken seals, and one lot of wafers had no torn
wrappers. Iafluence of temperature on percentages of broken packages
wvas indefinite.

I1I.A.1.b. Breakage of pioducts increased by avbout 2% for crackers, 4%
for viscuits and 30% {or wafers, the latter elmost entirely in
crumbling of edges. Creackers and biscuits were damaged about
equally by breaking apart of units in layers and breaking of
individual units. Verience among cans, seuples and products vas
extreme; no definite temperature effect was observed.

III.A.2.a. Sensciy scores for appearance-color varied with degree of
brevming of Hroducts in peking, with no consistent effect of storage
temperature or time. The lightest two lots of biscuits and the
darker lot of wafers varied without pattern, the ligiter wafer
scored highest at 40° and O°F, two fairly light crackers and one
biscuit were judgzed better at 70° or below, while the darkest two
lots of crackers and one of biscuits scored best at lCOo, vhere
some of the dark color was bleached out,

III.A.2.b., Hunter color readings indicated that color changes in-
cluded bo:™ fading and darkening in various items, fading being leas
during the suecond year but darkening being greaster. Crackers
te led to fade at 100° and TOPF, were veriable st 40° and CCF.
Biscuits genecally faded at 1006, were variable at 70°, darkened
at 4C® and O°, ilafers were variaole at 100" and 70°, darkened at
L0° and 0°,

III.A.3. Fracture strength aversged slight increases with time and
vith reduction ol storage temperstures below TO°F, but these vere
insignificent vhen compared to the variances of items, cans and
replicate units.

II1.A.4.8. Residual g;xgen averaged around 5% st 100° and 70°, 13% st

40P, and 15 at o wvefers after 2k months in storage. Mean
retention vas ca T§ for creckers and newr lls for biscuits st 100°,
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although one lot of viscuits was comparable to the crackers.
Oxygen in cracke:s and biscuits from 70° to 0° averaged 16
to 20‘;).

III.A4.b, Moisture contenis exhibited no consistent trends with '
either temperature or time of storage; item means vere 2.6 +0.5
for crackers and viscuits, 3.0 +0.2 for wufers, There vere sta-
tistically significant correlations of molsture with decreased

fracvure strengta in crackers, vut increesed fracture strength
in biscuits and warers.

III.Ab.c. Peroxide valves of the fat were low during the second
vear, ranging from ca 1.7 and 1.0 for crackei's and biscuits at
1C0°F to 0.1 at 0°; wafers ranged 0.7 at 70° to 0.3 at 0°, but
C.1 at 100°,

Free lfatty acids varied with items rather thar products,

item group means ranging from .16 to .54% at 100°F and .10 to .53%
at 70” end below.

III.s.5.8. Senscry scores for texture were slightly lower &t 100°F

for crackers end viscuits, but about the same at all temperatures
for wafers.,

Aroma scores at 24 months ranged 4.30 for crackers to 5.35 fcr .
wafers at IO0C, 5.75 for wafers to 6.26 for crackers st 70°,

6.58 for wafers to 7.03 for biscuits at 4(° and OCF.

Flavor scores vere similar to tliose for arcma, averaging
slightly higher for crackers at 100°, lower for wafe-s at T0°,
and lower for biscuits ul botb 70° and the lower temperatures,

III.A.5.b. Hedonic ratings for arams at 24 months ranged 4.64 for
crackers to 5.20 for oiscuits at 100°, 5.C7 and 5.kl for wafers
to 6,02 and 5.17 for biscuits at TC° end 4OP-COF, respectively.

Flavor ratings were very similar tc eroms, eversging higher
by 0.12 at 100°, 0.15 st 70°, and 0.33 (for wafers and biscuits)
‘t ’#00'001.

Palatsvility ratings had the same product relationships as
arcma and Tlavor, bit averaged 0.39 higher then flavor st 10C°,
0.13 higher at 70°, but 0.17 lower (for vafers oaly) st kCP-OCF.
Uafers rated higher tihan initial st all taaperetures.

III.A.5.¢. Correlations of palatadility with other msesuressnts vere
sufficient]y consistent to Indicate dellrite trends (or lack

of trends) associsted vith storege tesperstures during the
second Yyear.
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II1.B, Carktohydrate Supplements.,

I1I1.B,l.a. Condition of vags packed in the cans of candy was
unchanged by one year of storage, with the exception of a 3%
iacrease in total separations or 0.65 inch increase per 40
seams on seam test of one lot of suppylement.

J1I.8.1.b. Condition of candies remained essentlally the seme as
vhen recelved for storage, excepting a lighter surfacc on pleces
of one cherry sample from 100°F/00% r.h.

IIX.B.2.8, {ensorys scoreg for appesrance-color were only slightly
reduced by storage at 1005§, the decrease being due to slight
fading oi the red of cherry-type samples after 12 months.

III.B.2.b. Runter color values were quite variable; the only trend
indicated was slight increase ir "L" and decreese in "a" for the
sample noted in 1.v.

III.B.4k.b. Moisture content 3id not vary significantly with storage time
or temperature.

III.B.4.d., pH values of the candies did not vary consistently with
any other factor.

III.B.k.e. BSugar contents exhivited nc defirdte storage influence or
relstionship to any other variavle,

III.3.5.8. S8ensory scores for texture were not significantly clanged
after one year, excepting & mean {,5-point reduction in score far
the cherry-type sample referred to in 1l.po.

hroma and flavor scores averaged C.4 lover at 70° thean at
LOC-CPF at 12 months; differences betveen 40°-0° and 1COOF
averaged .0 at 6 moaths and 1.1 at 12 moaths. Reduced scares
were attributed to "terpene" arama and flavor at the highoer
terperalures,

1IY.3.5.b. Hedonic ratings for eroma, flavor and peilatabdility exhibited
s maximum difference ocetween 4CY-0Y and 100°F semples of less
than 0.5 point efter 12 months in storege; mean velues for this
differerce wvere less than C.3.

II1.B.5.c. Correlaticas of palatadbility vith other measuremants
indicsted 0o definite sssociaticn of palatebility with sny other
factar during the first yearof starage of the carbobydrste
supplementsa.
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13 January 1964 to 5 April 1965.

During the third year of the study, all items remained in continuous
Due to variations in periodic examination dates for the 13
products, the total period of storage covered by the present report is
Storage conditions for this period {

torage.

STUDY OF THE STORAGE CTABILITY OF CONTAINERS AND FCOD
PRCCURED FOR THE CIVIL DEFENSE SHELTER PRCGRAM

(as averages and standard deviations) were as follows:

1
1

considerably smaller.

Code

Chi
cD3
CD5
cL8

coy
CcD2
D6
o7
c
~10
cDll
chx2
coms

Code

00/80
0o/57
70/80
70/57
40/57
0/amb

| oo

63288

o OWw
WOV ON

Temperature
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.
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Relative Humidity

parcent
80.8 +4.2,-4.2
56.8 +3.6,-3.8
80.1 +2.1,-3.0
56.9 +2.9,-4.1

58 O +.3 5’ 3-15

ambient

Deviations in storage conditions were those in exposed air sraces
where recorders were installed, resulting largely from repeated opening
of room doors for maintenance of equipment and removal of samples.
Fluctuations inside cases and cans may be assumed to have been

Products and examinations included in the report are as follows:

Cracke:x
Cracker
Cracker
Cracker

Biscuit
Biscuit
Biscuit
Biscuit

Bulgur wafer, white
Bulgur wafer, red

Product

Product Pack Code Contract

Storage Periods

8920-823-7666
8920-823-7666
8920-823-7667
8920-821-7667

8920-823-7357
8920-823-7665
8920-323-7065
8920-823-7665

8920-823-7399
8920-823-7399

Carbohydrate supplexent 8925-082-5575
Carbohydrate supplement 8925-082-5575
Carbohydrate supplement 8925-082-5575

2692-62
2689-62
2687-62
2691-62

2694-62
2686-62
2688-62
2687-52

225462
2254-62

2L018-63
2,016-63
2402363

24, monthsi

2., months

24, montns

18 ard 24 months

24, months#®#

2L months

18 and 24 months
18 and 24 months

o naty Dot

18 and 24 months
18 snd 24 months

6 and 12 months
& and 12 months
6 and 12 months

*Results for 18 xontns, ~epeated from Annual Report No. II, are aiso
included in data tables, and discuszsd as part of the overall pattern

of second-year storage.
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Statistical treatment of data.

The bases for expression of results of physical, chemical and
sensory evaluations of cases, cans and products as means, standard
deviations and standard differences are indicated for each set of
data presented in the report. Arrangement of data follows the order
set up in the initial statements of work, Meg. Rec, AE-266-L and
RCT & E-164-P,

All statements of sigrificance of differences ar- based on
analyses of variance, or simple regression analyses for correlation
coefficients, by customary procedures. The '"significant differences,
5%" were usually derived by multiplying Duncan's lultiple-Range t
values at the 5% level of probability by standard errors calculated
from data error variances. The t value for the lowest sub-range (p)
which would apply to the entire range was used in each instance, in
order to obtain a single value for significant difference. For a
few sets of data in which group means differed significantly (1CO°
and 70° vs 40° and 0?, for example) but individual treatmeni means
did not, the group mean difference was used as a sigrnificant difference,
with the restriction that it must lie between the value derived from
Duncan's t and that found by reversing an "individual-degree-of-
freedom" calcula’ion from the starting point of the significant F
value,

For deta on cases, which were single-unit samples, standard
errors were calculated from the variance of replicate determinations.
For cans and products, based on two-can samples, all standard errors
of storage condition means were calculated from can variance, but
rooled can and rep variances (or can and judge variances for sensory
and hedonic panel scores) were used for estimating standard errors
of product means.

I. Fiberboard (V3c) Cases

Pericdic examinations included one case of each pradict from
each storage condition. This ome case, conta.ning two 5-gallon cans,
was the complete sampling unit for all items except CD1, CD3, and
CD4. These are packed in 23-galion cans, six cans per case, and
the sacpling unit is 1/3 of a case, the remainder being resealed
and returned to .lorage until each case has been used for three
exaninations, For CDl, the six storage samples at 4 months were
each the first 1/3 of a new case, the first set of six cases having
been finizhed at 18 wonths, PFor CD3 and CD\, the [irst sets were
used at C, 6, and 12 months, the second sets at 18, 2, and (1/3
of each remains Jor) 36 zonths.
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Data for cases from bakery items (A) and cartohydrate
supplements (B) are reported together in this section.

I1.A,B.l, Bursting Strength. (Table 1)

Genieral trends for bursting strang.n over two years of storage
were decreasegat 100°F, approxirge stability at 70°, and increases
at L0° and 0°. Vhile most of the changes occurred during tre
first year, bursting strength of cases at 100° continued to
decrease at reduced rates during the second year.

From an initial average of 474 psig, mean val:es for cases
of the 10 bakery items rang.d as follows:

Condition 6 to 24 rontihs
100/80 L2, to 390
1C0/57 L53 Lo 407

70/80 452 + 11
70/57 481 + 11
L0/ 57 L99 + 6
0/ amh 505 + 17

The cases of carbohydrate supplement were somewhat less
definite in trends for the first year. From an initial average
of 448 psig, mean values at 6 and 12 months were 412 and 379 at
100°F, 431 + 6 at 70°, and 418 % 35 at 4LO° and 9°.

Among the 13 ration items, percentages of cases having
bursting strength below 400 psig were 13.8 initially (10.3 from
CD12), 15.4 at 6 months, (9.0 from CD11-13), 28,2 at 12 months
(12.8 from CP11-13) 21.7 at 18 and 24 months (CL1-10 only).
These average 21.0% of all cases examined, of which 9.2% came
from CD12 and CDS, 4.6% from D9 and CD10; items CD4 and CDS had
RO ca3des below ,CO0 psig. By storage conditions, in the order
listed abeove, parcentages of cases below 4,00 psig were 52.2, 37.0,
15.2, 6.5, 6.5, and 13.0, respectively., Hence the data show
definite differences associated with storags time, storage
temperature, and {initial averages. ranging from 365 to 558 psig)
with poin*t of origin.

1.A,B.2. ‘lioisture Content, (Table 2)

Variations of moisture content of the fiberboard with
relative humidity and inversely with tempersture are shown
in Table 2., The cnly notable changes from previous periods were
in moisture from the 100°/90% condition. As mean valuss from

this room decreased from 10.6% at & months to 9.3% at 12 o~
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8.47 at 18 months, it was suggested that ‘he warm, humid atmosphere
night be reducing the moisture-hclding properties of the board.
Results for 18 and 24 months in bakery items and 6 and 12 months
in carbohydrate supplement cases gave a mean of 8.66 + ,12%, however,

so it seems probable that ihe decreases during the first three

6-months perinds resulted from alterations in the loading and circulation

patterns in the room, which was adjusted from a recorder remaining in
a constant position,

There were moderate, but significant, correlations of moisture
content with hursting strength in many of the items, though of course
- the relatively greater variations cf bursting strength among items
and of moisture content among storage conditions tended to reduce

the value of overall or combined correlation coefficients. Fxamples
of this variability are as follows:

ten bakery items 18 months 24, months
r r

mea: of 9 item coefficients (10th was -) +.269 + ,186 +.591% +.,135
mean of "wet" and "diy" condition coefficients +.bh8at 037 +.412 + .180
combined coefficient +.188 +,4,528

three supplement items 6 and 12 months

r
mean of 6 "item" coefficients +.274, £ 397
mean of 5 coefficients, rooms above .
freezing (0° was -) +.788% ,131

combined co~fficient +.254

aSignificant correlation coefficient.

While there seems little doubt thet high storage temperature
reduced the bursting strength cf the fiberboard (Table 1), the
correlations listed ahove suggest an erratic but nevertheless significant
trend toward increased strength with increases in moisturc in the
range below 12%, particularly at moderate temperatures. Even if the
relationship is merely fortuitous (i.e., bursting strength and moisture
incependently associated with temperature), it still indicstes no

significant reduction in strength of thc board with uptake of meisture
from "damp" storage.

1.A,B.3. General Condition of Cases.

All cases examined up to 24 months for bakery items and 12
months for carbchydrate supplements remained in satisfactory condition
for continued storage of the cans. As compared to general condition
when received, however, certain relatively minor changes were noted
and rated on a 7-point scale for "defacts",
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the bottom of one case of CD4 (rating 1.5) at 24 months and one

Loose seals. None of the cases was actually sealed, being closed
merely by folding the non-overlapping flaps and stapling at the
bottom, gluing at the top. Small center open spaces where flaps
failed to meet were left in seveval cases. These "seals"
rimained in good condition through 24 months with no pulled-out:
staples and no loosening of glue. The adhesive was inadequately
spread between the flaps of certain cases, leaving loose edges

or corners; the maximum defect rating for this condition was {
2.0 in one case of supplement CDll, average ratings for ail
cases ‘examined being .25 for cracker CD5, .17 for biscuit CD7,
.09 for wafer CD10, and .29 and .13 for supplements CD1l and
Cp13,

Delamination. With the exception of a few "frayed'" corners of
slightly damaged cases or of loose flaps, only three cases had
significant amounts of delamination., This was caused by ice in

of CD11 (rating 1.0) at 12 months, and by either inadequate
fabrication or softening of adhesive in a 5-inch section of
panel in one case of CDé (rating 4.0) at 24 months,

Collapse. As the stacked cases were actually supported by the
cans, which showed no evidence of collapse, the only indications
of case collapse were pressure wrinkles and bulged panels. These
varied considerably with case weights and depth of stacking

(most of the 24-month cases were originally third or fourth

case down in the stacks, the l2-month cases second down).
Illustrative mean values were:

case wt. items collapse Storage collapse
av, lbs. CD 2L months °F/% r.h. 24 months 12 months
34 2,7,8 b3 £ 46 100/80 1.12 + .90 1.67 = .48
40 5,6 .87 .66 100/57 B4 % .33 1,67 £ .24
55% 1,3,4 .65+ .40 70/80 1.1+ .79 1.63 + .62
7 9, 10 1.64 + ,90 70/57 .88 + .77 1.63 £ .27
12 months L0/57 65+ ,37 1,17 .24
78  11,12,13 1.49 = .47 0/amb 72 £ .51 1.17 + .48

8larger cases containing six 23-gal. cans, sampled at three
periods each.

Values for the bakery item cases at 24 months averaged 0.30
t .77 above the 18-months values, l2-months values for the supplements
were 0.65 + .70 above 6 months, Greater changes were observed
in the lighter cases from 18 to 2/ months, indicating a more
gradual collapse than with the heavier wafer and supplement stacks,
which were generally sitting 'flat on the cans" by the end of the
first year,
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iiold. Small areas of very light mold were observed on the outside
of ten of the total number of cases examined through the second
y2ar of storage, These occurred on CD7, 11 and 13 from 100°/80%
at 12 months (rating .87 + .50); the other seven cases came from
70°/80%, being CD6, 7 and 13 at 12 months (1.47 ¢ .76), CDé and

7 at 18 months (.00 + .20), and CD6 and 8 at 24 months (.75 + .25).

Only two areas of mold have been found on the inside of cases,
both from 100°/80% at 24 months., A spot inside the case of CD9
received a defect rating of .2 (very slight), while a somewhat larger
area, rated 1,0, was noted inside the CD1O case.

Sweating of cases. OSweating of the outside of cases of the ten bakery
items, as indicated by moisture stains, was rated .19 +.63,-.19 at
" months and .44 *+ .39 at 2/, months (both higher than the .0l and
..L averages at 6 and 12 months). Supplement cases were rated
.12 +.82,-.,12 at 6 months and 1,62 + .85 at 12 montns., Averages
by rooms at the latest examination periods were:

Storage Bakery Items Carbohydrate Supplements
°F/% r.h, 2), months 12 months
100/80 61 £ .33 2.43 + .81
100/57 31 +.57,-.27 2.17 £ .85
70/80 67 T .45 1.90 £ .54
70/57 .18 +.36,-.18 1.37 + .58
40/57 3Lt .27 .87 £ 34
0/ amb Shot 34 97+ .21

The increased sweating of the supplement cases, particular during
the second period, was attributed to their being located nearest the
room doors, and the humidifiers over the doors in the 100° and 70°F
rcoms, The second period included the winter months, resulting in
increased amounts of '"dew" being depcsited on casss in these
locations.

Swegting of cans in cases. OSweating inside casea and evidences of
moisture on cans were rated separately, but as both were based

largely on rust staining, of cases and cans respectively, the two
ratings averaged almost the game values and are considered together.
Average ratings were .37 +.90,~.29 at 18 monthe and .67 +.99,-.47

at 24 wonths (as compared to .07 and .31 at 6 and 12 months) for the
bakery items, .32 t+ .31 at 6 months and .99 + .45 at 12 months

for the supplements. Averages for storage conditions at the latest
periods were:
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storage bakery items carbohydrate supplements
°F7% r.h, 2/, months 12 months
1C0/80 1.27 + .94 1.28 £ ,37
160/57 35t .35 1.02 + .25
70/80 1.42 .59 1.33 % .34
70/57 29 +.35,~.26 .93 % ,28
LO/57 35 % .29 T2 %
0/ amb 36 £ .30 .65 £ .23

It is apparent that moisture staining was more pronounced
inside the casesof bakery items at high humidities (except
at O°F, where ice-damage was somewhat gruater on the outside),
Staining on the inside of supplement cases was less pronounced
than that resulting from outside condensate as noted above.

There were no significant storage changes in legibility
or general condition of printing on the outside of any of the
cases. The print on the case of CD10 from 1C0°/80% at 24
months appeared slightly faded, and the board color was moderately
darker for CD6 and CD8 from this room., These were apparently
unit variations, however, as remaining cases of the three products
at 100°/80% were unchanged.

II. letal Cans
II.A,B.1-3. Location, Severity and Type of Corrosion, (Tables 3 & 5)

External rusting of the 23-gallon cans (Table 3) occurred
mostly on the bottoms, with moderate to slight amounts cn the
ranels ard along the seams, Practically all of the corrosion
apparently started on spots from wnich the protective coating
had been abraded or chipped off.

The 5-gallon cans (Tables 3 & 5) rusted more extensively
near the soldered seams, where the coating had been burned or
eroded and there was considerable evidence of flux burning.
Rusted areas were also found on panels and bottoms where coatings
had spparently been scraped thin or removed entirely by
ehrasion. Although mean values for the 5-gallon cans

&

%

(including supplement cans at 12 months) were greater than
those for tho 2i-gallon type, axternal rusting of the larger

cans of CD2, 8, 11 and 12 was comparable to that of the smaller
containers.
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Internal corrosion of both 2i-gallon and 5-gallon cans was

limited almost entirely to areas of direct contact between can
surface and package (in the ten bakery items) or piece of candy
(in the unpackaged supplements). Hence inner top surfaces were
generally free of corrosion except in a few instances of tightly
packed cans. As with external rusting, the greater mean values -
for the larger-can group did not apply to all of ti larger cans,
several product groups also being comparable to the smaller cans
in extent of internal corrosion (Tables 3 & 5).

All external rusting resulted in pitting, some surface cor-
rosion also remaining at 12 and 18 months. llost internal corrosion
was surface type only, with slight pitting in certain cans as
indicated in the tables., External damage was associated with
temperature and storage humidity, internal damage with temperature,
and both of course were influenced by time. The time factor
remains somewhat uncertain, however, as most of the cans examined
at 6 and 18 months were rated higher on corrosion than those at
12 and 24 months, The influence of product type on internal
corrosion also remains uncertain - no consistent trends were
associated with type of packaging, and while cracker CD8 had
more moisture and more internal corrosion than other crackers or
biscuits, and wafer CD9 more of both than wafer CD1O, there was
no generally significant relationship of product moisture with
internal corresion. The possible relationship of corrosion to
product humidity equilibrium was not evaluated.

II.A,B.4. Defects of Can Coatings. (Tables 4 & 5)

No softening, or other structural change which could be
associated with storage, was noted in any of the can coatings.
Hence the rating of coating defects was based almost eatirely
on lack of coating near seams or in spots where it had been
scraped off by some type of abrasion. As such areas were also
those which rusted, ratings for coating defects closely par-
alleled those for corrosion. Even after 24 months, there was
relatively little evidence of further erosion of coating by
rust, but a few cans were beginning to develop spreading areas
of "speckled' rust in places where coating was apparently thin
or "“pinholed" in application.

I1.A,B.5. Leakingz Cans. (Table 6)

Data in Table 6, showing percenlages of leaking cans and
cans noted as "juestionable leakers" by product and can type,
examination dates and storage conditions, include the following
nunbers of cans:
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examination leakers questionable total cans opened

initial 5 3 62
6-12 mo. 28 19 312
18 mo. 11 8 120
24 mo. 24 A 120
Total 68 3L 614

As seen from Table 6, mean percentage of unquestionably
sealed cans was lowest in the 24-gallon type (average 64%, CD4
only 24%) followed by averages of 79% at 12 months for the
supplement cans (CD1l only 62%) and 92% at 24 moaths for the
5-gallon bakery item cans (CDé only 72%). All questicnable
leaks (slow succession of bubbles from cans showing ne other ’
evidence of leaking) were in top or upper side seams, as were
the definite leaks in 56 of the 68 unquestionable leakers.
These apparently resulted from defective seam closures. Of the
other 12 cans, 3 leaked at apparently defective bottom seams
(coni, 6, 13), 5 at seams opened by dents in the can (CD1, 1,

3, 12, 13), 1 at a closing-chuck pinhole (CD4), and 3 cans of
CD11 froam lids which were crimped so loosely as to be removable
by hand.

No can leaked from corrosion, and there was no significant
influence of storage conditions on the number of leaks.

III. The Rations
A. Bakery Items

III.A.l.a. Breakage of Package Seals and Wrapping liaterials.
(Tables 7 - 9)

Ssals broken. Percentages of package seals broken suffi-
ciently to allow ration units to escape increased from 12 to 18
months in all products except CD2 and é (no seal breaks) and
CD9 (remained .2%). Average increases in the other products
were 4.L% for crackers, 5.4% for biscuits CD4 and 7, and .3%
for wafer CD10. Further increases in all items except CDY and
2 at 24 months are shown in Table 7, increases averaging 3.8%
in crackers CD3, 5 and 8, 4.8% in biscuits CD4, 6 and 7, &nd
.28 in the wafers. Differences associated with storsge comditions
were essentially mcaningless when compared tc the varisnces of
products and duplicate cans.

ofm- There were no tormn packagee in biscuit CDR
or wafor CIIO at either 18 or 2, months, and cracker CD3 and
wafer CD9 had fewer at 18 months than at 12 months. Increases
from 12 to 18 months in other products averaged 1.i¥ in crackers
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III.A.1.b. Breakage of Products. (Tables 10-13)

and 1.>% in biscuits. As seen in Table 8, no packages were torxn
in cracker CD1 at 24 months, and wafer CD9 had less than ,5%. The
other three crackers and three biscuits averaged increases of
2.7% and 13.5%, respectively, during the fourth é~month period.
Although torn packages averaged significantly higher from the .
0°/amb. conditio., the increase came mostly from two products

(CD6 and 7) , S0 any real temperature effect sccas open to question.

Total Packages Broken. Most of total ;ackage breaxage was
the sum of broken seals and torn wrappers, the mean "overlap"
(i.e., torn packages with broken seals) being ordy ..7% at 18
months and .71% at 24, months, Average increases in total packages
troken (Table 9) from 12 to 18 months and from 18 to 24 months
were, respectively 5.1% and 2.9% for crackers (including .5%
decrease for CD3 at 18 months and 6.7% for CD1 at 24 months)

4.7% and 17.2% for biscuits, and a mean of .2% for wafers. Again,
any real temperature effect seems doubtful.

Separation of Units gt Score Lines. While crackers and biscuits
CD1-8 showed practically no mean increase in units broken apart
in layers at 18 months as compared to 12 months, a large increase
occurred in biscuit CD7 (6.3 to 11.97). Biscuits CD4 and 6 averaged
only .41% increase, CD2 decreased 2,3%. Similarly, crackers
CDl, 5 & d 8 varied less than .5% from the 12-months values, CD3
decregsed 2.8%. Changes from 18 to 24 months exhibited the same
general pattern (mean increase .23%), the large increase being in
cracker CD1 {10,0%) as seen in Table 10. Other crackers increased
43 £ ,75%, biscuits CD2 and 6 increased 1.82 + ,21%, CD4 and 7 remainec
essentially unchanged in mean separation. Differences associated with
storage conditions were non-significant, large fluctuations occurring
among products and cans,

Chi es of ers decreased 18.4 + .3% from 12 to 18 months,
but were up 29.4 = 7.8% fram 18 to 2, months; CD10 averaged 20.6
7.5% higher than CD9 in chipped edges cver the thrse periods.
Temperature differences were quite inconsistent. Chipping of edges
was not serious with respect to decrease in total weight of the
wafers, but did leave crumbs in the packages. Rounding the ediges
in forming the wafers would probably have eliminated most of these
crumbs.

lioderate breskage of units. Mean increases in moderate bresakage of
individual units from 12 to 18 months and 18 to 24 months (Table 11)
were .04 + 2.24% and .10 £ 3.26%, respectively; i.e., there was
considerable variation in chenges among the ton products, but
relatively little average increase. Changes for the seocand year
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averaged 4.8 + L.7% increase for crackers CD3 and 5, but 1.3 %

3.5% decrease for crackers CDl and 8; 2.6 + 1.9% increase for biscuits
CD2, 4 and 6, but .9 + 1.3% decrease for biscuit CD7; and .3 % .33
increase for wafer CD9 but ,2 + 4% decrease for wafer CD10., Again,
differences associated with storage conditions were apparently
neaningless when compared to the inconsistencies among products

and duplicate cans.,

Crushed units. Percentages of units badly crushed also varied
widely and with no apparent relationship to storage conditions.
liean values were ,65% at 12 rontns, .31% at 18 months, .73% at 24
rontns., During the second year, cracker CD8 increased .04 » ' .00%
while crackers CD1l, 3 and 5 decreased .60 + 1,06%; biscuit:
increased .28 + ,35%, wafer CD9 had no crushed units, waf

had 1.5.% at 24 months (Table 12).

Total product breakage. Total break.ge was the sum of the

types discussed above for wafers and for products packag: !

four-unit layers (which have as many score-lines as units '

For products packaged in two-unit layers, however, (with ¢ 1 {
half as many score-lines as units) total was less by 13.6% .~: « ... *

CDl, 2.9% for biscuit CDi, and 4.L% for cracker CD8, From 12 .o

18 months, changes in total breakage averaged 5.3% decrease for
crackere CD3 and 8, 3.0% iincrease for CDL and 5; 2.4% decrease

for CD2 and 2.9% increase for the other biscuits; and 18.1% decrease, h
most of which was in crumbling of edges, for the wafers. Changes

from 18 to 24 months, as seen in Table 13, averaged .7% decrease
for CD1 and 4.7% increase for other crackers; 1.6% decrease for
CD7 and 3.5% increase for other biscuits; walers were up 30.1 t
8.2%. Total increases during the second year averaged 2.1 + 2.1%
for crackers, 3.8 + 2.4% for biscuits, 11,9 + 8.7 for wafers.
Significant differences noted in values for various storage
conditions among the different products were apparently associated
with sample variations, as no generally consistent temperature
effect could be demcnstrated,

III.A.2.a. Sensory Scores for Appearance and Color. (Table 14)

Appearance and color were scored as separate qualities by
the five-metiber sensory difference panel, but mean scores have
renained 30 nearly the sane that a composite appearance-color
score has been used for reporting results after the first atorage
period. liean scores for the 18 and 2, months examinaticns are
given in Table 14,

(nly two changes have been noted in the ten bakery products,
Slight incresses in surface “glase" began to appear at the 6th
tc 12th month in practically all ssmples, being scwmswhat more
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pronounced at hisher te peratures, aad color has faded slightly in
salples stored at 100°F and .any of these at 70°, ileitier of these
chanzes caused iuch reduction in quality scores, as the glaze was not
considered objectioravle, and the slight fadin; was frequertly
deeued an advantaze in at least half of the products which were
initially descrived as too vrown fro.. vaking.

..ean 8sccres for the ten ite:s were 7,33 for initial and 6-wonths
«ainations, 7.21 + .16 for 12, 18 and 24 noaths. General product
-ieans, Jerived frou. the 24 sauples of each which were reioved from
storage during the first two years, ranze 7.72 + .35 to 7.02 ¢ .36
for biscuits, 7.45 £ .32 to 6,73 + .34 for crackers, and 7.07 t 40
%0 0.53 % .29 for wafers. Both ranges and denatlons are great
enouzh Jor statistical significance, but were apparently associated
al..ost entirely with variations in degzree of Lrowning of the products
in baling. General preference has veen for lighter shades of
vrowning among products and sa.ples withia products.

Te perature difrerences, while noted in the slight fadinz at f
100°F, were incensistent and non-siznificant in coiparison to

differences in degree of browning., The standard deviation of the

six storage-condition :ieans over the two-,ear period was only +.03,

the larzest periodic ieviation veing .10 at 6 iionths a:d the pooled
condition-by~period deviaticn beinz .18 + .06, Auong products, however,
the darker crackers CD1 and 5 and biscuit (D6 scored higher with fading
at 100°F, lighter crackers CD3 and 5 and biscuit CD4 scured higher

at 70° and below, the lighter wafer CDS was .:ore attractive at ,0°

aid 0°, while the lighter biscuits CD2 and 7 and the darker wafer CD10
were variable in relation to teuperature.

I11T.4.2.0, Hun‘er Color Values., (Tacles 15-17)

As noted above, there was a general correlation (not calcula:ed
statistically) Letween sensory scores for appearance—color and
dunter color values for the various products and storage sauples;
lijuter products iended to receive hisher scores. Hunter values
for cnlor at 13 .wonths and 24 .o.iths, in relation to trends over the
two-"sar storage period, are Jdiscussed vCelow.

Hupter L Values. In eccord with the jeneral tendency for

sligkt surface zlazing, and soe fading of color at higher teuperstures,
there was a suall wut relativaly uwiforu tisw increase in .wan
values for "lightness", or surface reflectance on the Hunter L
scale. Values for the tean products at the five periodic exarinstions
fros initial through O ionths aversged o64.13, &,.35, 65.95, 67.29,
and 07.81, respectively. The increases were not enlirwly due
to .:t‘ct.s of higher te:peratures, as varia .de degrees of zlazin:-
apparently influenced reedings of sagples frox 40° and 0°F ilso,
even though all were ground up to eli.inate the extrepe brewning
variables efore the readings were .uade. 4&s an estiamte of

/ twperature affect, _san differences between 1L00°F reedings end
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readings at O°F (or 40°-0°) at 6, 12, 18 and 24 iionths were
1,97, 2.07, 2.34 and 2.54, respectively, indicating that most
of the teuperature effect was established during the first
6-month period.

1.ean increases in L readings at the end of the first two
vears were 4,11 for crackers, 3.7l for biscuits, and 2.77 fo.
wafers, During the second year, product mean increases and
teaperature differences (Table 15) were a3 follows:

periodic incregses difference between 1Q0°F
12 to 18 18 to 2, and 0° (or 0°-40°)
wonths wonths 18 rioaths 24 ronths

crackers 1.53 ¢+ .33 .68 % .33 3.33¢ .88 3.23 £ .40
oiscuits 1.49 + .67 .17 % .24 2.43 ¢ .81 2,01 + .83
wafers 70+ .31 .93+ .23 1.60 £ .55 1.95 ¢+ .05

Thus the wufers, which were darker than most other ration
items, had both the smallest total gain in lightness and the
least ct.nge associated with teiperature. This relationship
of degree of darkness to awount of change in color did not hold
for crackers and biscuits, however.

Hynter “a" values. Readings for Hunter "a" or redness value
changed with storage, following tiie same general tiie patterm,
out not the storage temperature pattern shown by the L values.
Samples at 1CO*F decreased in redness during the first 6 onths,
with .urther but sualler decreases in the second period to an
average which was .69 below the initial amean valuve of 3.41.
Redness decrvased rmore slowly and less uniformly at 70°F,
12-aonth value veing .34 velow initial. Products at LO°F
remained fairly staole in red color during the first year, while
those at 0° increased frou 3.4 to 3.72 in mean value. The
general but rela’ively erratic trend after the first year was
slight increases at all storage conditions, resulting in icean
values for 18 and 24 months around .4 ovelow initial in sanples
fro.. 1CO°F, but .1, .4 and .6 above initial in products from
70¢, LO° and 0°, respectively.

Product and storage valuea for "a" at 18 and 2/, months are
given in Table 15. Average teperature differences and total
changes calculated frou the combined second-year data were

as [ollows:
T_mm7 m%mmm_vmu;_.. difference between
18 & 24 .o. 07 md OF 0 {or 40°-0%a0d AOF
crackers -8l % .37 -.10% 44 44t .0 138 ¢ .33
M“ "031 t .” .w k ﬁ -w t -“ . .9‘ t 18
wfers WOt 33 S5k 3 7613 3¢ .18
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Thus the actual teuperature effect, or difference between the redder
sa.ples at 4LO® and O°F and the lighter sax.zples at 70° and 100°,
involved no fading of red color in the wafers and fading of only
part of the biscuits and crackers at 70°. Apparently the frequently-
stated preference for the appearance of the 70° or even 100°
sa.ples was for samples which had chanzed less in color than those
stored at lowsr teaperatures.

Hunter "b" vglues. Values for yellow coaponent of color, or
Hu:ter '“o", changed less than those for L or "a' as a results of

stcrage. The same general tie pattern was observed, with naxi.mn
teaperature differences being estaolished at 6 months, waxiimn total
changes at 12 uwonths, and relative stavility during the second year.
Trends differed frou those for L and "a" values, i.owever, as 'b"
values tended to increase slizhtly at both tenperature extremes,
veginning within 6 months at 100°F and 12 wonths at 0°, Also, there
was a general slizht decrease ia second-year values, leaving 100°
and 0® .iean values near or slizhtly above initial, 70° and 40°
values slightly velow.

Overall variations in yellowness were so suall, when coapared
to L and "a" chanzes, that "b" values were not reported after the
first period, and 18 and 24 ..onths tabulations of "b" arc omitted
frow this report., Brief swnaries of product levels and changes
from product initial values were calculated from the second-year
data as follows:

; "b" values  Products changes from initi.; values of "b"
iitem Xs , (1c & 2., ms 100°F 70° and LO°F Q°P

1,5,6 24,.89 1 .70 crackers 07 £ .66 07 £ .28 .38 ¢ 42
3,7,8,9 2.63 ¢ .30 biacuits 03+ .32 -,20% .29 -.08% .20
2,‘0,1 190106 + 0109 Htfers —.lO‘.t r-’.l '-8 t ow --20 t 051

As reduction of "a" with stable or increasing "d" usually
decotes fading, particularly with increases in L, whereas increases
in "a" and reduction of "b" usually occurs in browning, the general
trends of color changes were indicated by changes noted in the three
color caponents. In brief, crackers exhidited a tendency to fade
at higher texperatures, wafers to trown at lowr tesperstures, while
oiscuits were interuediate; as indicated, there was a considerable
aount of overlapping in these genergl trends.

Hunter a/b ratios. PFor products whose dominant color wave-
lengths lie in the red to yalow regions, where fading or browning
result in shifts of "a" or ™" in opposite directions, the ratio of
q’bmiduugoadm'atcnlorabq“. The rutios for the ten
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calery ite..s after 15 and 24 ..onths in storaze are given in Tavle 17.
As fading changes tended io b .uaxi.al at 12 aonths, while ten~
dencies to brown developed soiiewhat 1iore slowly, .iean values for

the ratio were soiiewhat lower at 12 months tian during the second
vear; ratios at 12 .onths averaged .122 at 100°F, .138 at T0°,

+151 at 40°, and ,166 at 0°,

The initial ..ean a/b ratio for the baikery iceas was .155;
it is seen fro.u the data that ratios after storage range both
above and below this ..ean, the di{ferences between 0° and 1CO°
ratios averazing .C44, .050 and .040 at 12, 18 and 24 months,
respectively. Product differences between 11itial ratios and
those at 2, ..onths averaged a3 follows:

roductis changes froi: initigl ratios of a/o
iZ Oy ) 100°F T0°F LO°F Q°F

crackers -.042 = ,016 -.017 & 015 +.005 = .032 +.,009 = 014
wafers +,020 ¢ .018 +,C03 ¢ .039 +,045 £ .008 +,044 £ .CO4

These differences indicate ciiaracteristic changes in color—
fading of crackers and viscuits at 100°F and crackers at 70°,
daricening of bidcuits and wafers at 40° and O°F, with variable
changes in crackkrs at 40° and 0°, biscuits at 70°, and wafers
at 100* and 70°.

III.A.3. Fracture Strenzth. (Table 18).

..ea: fracture strenzths for the ten bake.y itewus, by
exauination periods, were 1417 + 2 g for initial and & wonths,
1,31 g at 12 ..onths, and (Table 18) 1458 = L g for 18 and 24 ionths,
Sy storage te. peratures, these averaged 1423 t 15 g at 100°
and 70°F and 1476 ¢ 15 ; at 40° ana O°F for the first year,
1457 £ 6 3 at 100° and 70° and 1491 £ 3 g at 40° and Q¢ for the
second year. while overall tciperature and tiis changes were
statistically significant, their nractical significance seeas
questionanle when caupared to ite: variations, which were cai-
culated frou initial values and coubined second-rear data as
follows:

J00°F  W°F 407 ad K 200°F J0°F _ 40° ad O°F

7 u93 uy 1218 -13 £ 87 -134+ 7% -3+ 98
»3,8 1272 1332 1353 -i4 2 57 HHT 55 +7t &
,10 1%:3 1875 1954 +312 4123 +2 + 199 +28) t 10
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Considering that the above classification by :agnitude of
change is a itixed-prouduct arranze.ent, that item means ranged from
1017 (CD3) to 2324 (CD9), standard differences of cans from 30
(CD4) to 196 (CDLO), and standard deviations of replicate units
from 83 (CD7) to 227 (CN9) the product, tiue and temperature diffsr-
ences in fracture strenzth seein relatively ieaningless.

I1I.Au4eas Resiaual Oxyzen in Cans. (Table 19)

Decreases in residual oxygen were fairly uniform during tlie
second, third and fourth storage periods, ajounis of decrease ve..
roughly proportional to storage teiperature. Iy estimating the
sauples with two leaking cans (Table 19) at the neerest available
ralue for sealed cans, :ean decreases frou the ten-itein average
of 15,68% at 12 uonths were 1.34% at 18 wmonths and 2.46% (or an
additional 1.12%) at 24 months. All items decreased at each
period except CD4 at 18 months (pro:ably no can of this item
vas actually sealed, though soue passed the leak test) and CD9
at 24 nonths. Decreases “ron initial iten values at 24 uienths were

e D P

as follows:
products initial decreases from initial values at 2/ iionths
% 1C0°F Q°F LO°F O°F
craclers 19.86 £ .42 12,69 £ 2.60, 4,00 £ 1,42 2.15% .36, 1.23 &£ .52
biscuits 19.65 £ 1.08% 8,91 + 2.29° 3.20 + 1.04° 1.53 £ 1.13° -0,10 % ,43°
wvafers 16.60 + .20 11.08 + 078 12085 'L' c96 3.70 + .20 2.00 & 070

8CD6 averazed 17.8%, other biscuits 23.3%. _
oCDL,‘, with generally questionable seals, decreased less than other biscuits,

Siscuits CD2 and CD7 absorbed less oxyzen at all teiperatures
than did other itens except cracker CD3 at 70° and 40°F, and of course
CDL which could not be reliably evaluated. Biscuit CDé was cou-
naravle to other high-absorption itvems at 100° and L4O°F, but
absorbed less oxygen than did wafers at 70° and O°F,

I1II.A.4.0. Lioisture Content. (Table 20)

..oisture contents varied .wostly among iteins, with general
.ieans at 12 and 24 .onths being alrost identical (2.87 and 2.84).
Product-oy-item reans and daviations for thess two periods were
2.73 & 4w for crackers, 2.52 + ,26% for biscuits, and 3.79 £ .20%
for wafers. As all ten ite:s averaged lower at 18 months than
al any other storage period (except C['8, which was the saie as
at & Lonths), the 18 ionths values .ust be asswied incorrect——
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the reason fcr the (ca 0.6%) low results was not deteruined.

Althouzh statistically significant differences were noted
in the ranges aiong storage conditions, no consistent trends
wers associated with either teiperature or time of storage.

]

Correlations with fracture strenzth. As both loss of
.woisture and degree of firiness are associated wilth dsgree
of baxing, soue correlation between ioisture content and frac-
ture strength might reasonably be.expected. The correlations
at 2/ uonths' averazed -.459 = 175 for CD1, 4, 7, 8 and -.406
t .211 for other items, the discrepance being explainable by the
limiting of both moisture and fracture variables within indi-
vidual itews. Product correlations exhitvited an apparent storage
trend, however, as shown by the following:

crackers biscuits wafers
r r r
6-12 ionths -.087 +.423% +.318
18 ionths: —356% +., 609 +. 7903
2J, inonths- -.503%%¢ +, 54, 5%% +,633%%

*Significant at the 5% level of probability.
##Significant at the 1% level of probability.

These coefficients sugzest the developuent of at least
a statistically significant degree of correlation of higher
fracture strengths with lower .wisture levels in crackers and
iigher woisture levels in biscuits and wafers, They also
suggest that the apparent error in 18-uionths woisture deter-
uilnations was absolute rather than relative.

II1.A.4.c. Rancidity Values of Fat from Rations. (Tables 21 & 22).

Peroxide values. I.ean levels of peroxides for the various H
storage periods were: 3
aonths __100°F 70°F LO°F 0°F i
6 3.8 1.73 1.05 .78
12 13.26 3.84 1.68 1.4l
18 1.33 7 .18 +10
2, .83 47 21 12
products
18 & 24 wonths
crackers 1.66 * .88 163 t 057 A1 ¢ 013 005 + .08
biscuits 98 % JA47 W24t .17 W1t .10 .09 & .08
Mers 013 t 007 |7l} + 039 050 + .22 030 t 030
2210.8 #III -2-




e AR S T o AT R

These patterns, the 18 and 24 months values being shown in
Tacle 21, were typical for oxidation of "dry" bakery products in
sealed cans. Peak values occurred soietiine near the end of the
first year, and relatively stable levels were achieved by the end
of 16 wonths, The wafers were consideravly oxidized when received
(residual oxygen 16,8%, arous and flavor score 6,0), with the
result that peroxides in 1C0°F saiiples were lower than those in
the (iore slowly oxidizing) samples fro. lower temperatures throughout
the two years of storage.

Free fatty acids. Hydrolysis values, as free fatty acids,
reaained uuch more closely associated with individual items and
iwmeh less influenced by time and temperature of storage than did
peroxide values, Item and temperature means at 24 wmonths, from
Table 22, were as follows:

teiperature cDi,2,5,6 _CD3,7,8 = €D9,10 CL4

100°F 157 £ .035  .392 % .029 427 + 048 639 £ .007

70°, 40°, O°F J140 £ 022 .236 £ 038 .316 + .033 .530 £ 017

These values were fairly typical of frsee fatty acids throughout
the two years of storage, with the exception that there was an
increasing difference between 1(00°F and the lower temperatures.

This difference, for ten~item :zeans, was .301 to .275 t .C09 at
6 nonths, .318 to .272 + .010 at 12 months, .330 to .273 £ .002
at 18 months, and .330 to ,229 = ,007 at the end of two years.

III.A.5.a. Sensory Scores for Texture, Arona and Flavor. (Tables 23-25).

Texture. i.ean texture scores were lowest at 12 uwonths,
averaging 6.47; the b-uonths average, 6.90, and the second-year
averages given in Tabls 23 were nearer the initial isan, which
was 7.06. Values by products and tenperatures for 18 and 24
.onths, Xairly representative of the variability of texture
scoring, were as follows:

products second-year ean scores for texture
1C0°F 70°F 40° & O°F
crackers 6.53 % 31 6.89 % .23 6.99 % .30
viscuits $.73 + .32 T 0L % {39 7.08 % .34
wafers 6-39 + 033 6;30 4 032 6.39 t 026

nost of the variance resulted frou: generally lower scoree for
cracker CD5 and wafer CD1O at 24 months, and for blscuit CDé at
18 and 24 :onths, Reasons given for reduction in scores of samples
fro.: 10C*F frequently included "too brittle," while failure to scors
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the other saiuples any higher was generally attributed to slightly
too umch hartness or toughness. Wafers were usually considered
too "grainy" or crumbly.”

Arona. Scores for aroia generally decreased with both tiise
and tewperature; the only "break" in the periodic reduction of
ilean scores froa initial 6,87 to 24-months 5.92 was a 12-18 wmonths
increase froum 6.03 to 6.49. As seen in Table 24, all iteus
decreased froix 18 to 24 ionths except biscuit CD6. Product and
teiperature values at 24 iionths were as follows:

products 24-months Liean scores fur aroi.a
__10C°F 70°F LO & O°F
crackers 4.38 £ .60 5,26 £ .30 6,70 £ .51
biscuits 4099 + 156 6-23 + 033 7-03 023
wafers 5.35 £ .21 5.75 £ .15 6.58 +

The larger variations were caused by low scores for cracker
CD3 and biscuit CD7 frou 100°F, and cracker CD5 at 40° and C°F,
Trpical couments were "rancid” for cracliers and biscuits froa
100°, "very stale" for wafers froiz 100° and 70°, "stale" for
crackers and biscuits from 70°, Wafers, which were .lmost 4%
low in oxygen and were considered stale when received, apparently
withstood 100° storage better than did the crackers, or biscuit
CD7., After two years at 40° and 0°, only cracker CD5 was low
on aroma scors, and wafeir CD9 was higher than initial.

Flavor. Flavor scores closely paralleled those for aroma,
zeneral averages being slightly lower at initial 6.74 to 24~
.onths 5.81, with the exception of 6.15 (arcia was 6.03) at
12 inonths, All ites decreased fro= 18 to 24 months as seen in
Table 25. Product and temperature :ieans at two years were:

preducts 24-ionthg ilean scores for flavor
CO°F T0°F 40 & O°F

cracliers L4e65 £ W41 6.31 £ .27 6.60 £ .39
viscuits 5.03 £ .55 5.95 + .31 6.45 .21
wafers 5.38 + .48 5.35 + .18 6.55 ¢ .31

Craclier CD1, biscuit CD7, and wafer CD10 scored lower than
other items. As seen goove, general means were sligitly higher
for flavor than for aroma of crackers at 100°F, while biscuits
at 70° &.d velow and wafers at 70°® scored lower on flavor. Wafer
CD9 was apparently ilore stable than other products at 100°, and
both wafers were scored hizher than initial after twe years at
40® and 0°,
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III.A.5.,0., Hedonic Ratings for Aroua, Flavor and Palatability.
(Tables 26-2]-23

liean ratinzs by the 25-ieiber hedonic panel were souewhat lower,
iore nearly graduated with tiie, and exhivited consideravly less
"soread” froui initial to 24-months levels than did the iiean scores
of the 5-ueiber sensory difference panel,

Aro..g. The general uean ratings for aroma of the ten vakery -
iteiis were 6,01 for initial and 6 ..onths, 5.65 at 12 and 18 months,
5.52 after two years. Initial and 24-months ratings Uy products and
temperatures were:

products initigl groia aromng gfter 24 months
100°F °F L0°® & Q°F

crackers 5.85 % .30 L.6L £ .29 5.72+ .28 5.76 + .20
biscuits 642 + .27 5.28 + .39 6.02 ¢ .27 6.17 % .23
wsfers 5.5 £ .15 5,16 £ .12 507 £ 41 5.41 % 14

Cracker CD8, biscuits CD6 and 7, and wafer CD1O were rated higher
thain other items in the respective product zroups of Table 25.
Apparently the .ain teuperature '"oreal:s" were gt 100°F for crackers
and biscuits, 70° for wafers, Tiie "breaks" occurred within the
first year for cracker CD8, biscuits CD6 and 7, and the wafers
{with soue 'recovery" for wafers during the second year); and at
2., .ionths for crackers CD1 and 3 and biscuit CD4, Ratings for
aro. a of cracker CL5 and biscuit CD2 decreased gradually over the
two resrs cf storage.

Flgvor. iiean flavor ratings were 6.17 initial, 5.95 at 6 onths,
and 5.73 to 5.65 at 12 to 24 months., .ajor trends were as follows:

oroducts  initial vor favor after 24 nonthe

1CO°*F T0°F 40°® & Q°F
cracl:ers 5.90 ¢ .23 L1t .26 5.7 £ .19 5.75 t 2
viscuits 6.72 £ 54 5.35 £ .34 6.19 £ .30 6.43 t 34
W&fel‘ﬂ 5060 t -w 5037 t 012 5029 t ou . 5-81 t 016

Jiscuits CD2, 6 and 7 were rated higher than the other seven
ize.s at 24 .onths. Teuparature drealiis for fiavor were approxistely
the saue as those for arona; i.e., 100°F for orackers and biscuits,
70* for wafers. Tiue effects were .iore indefinite; biscuit CD6
varied Lut actually decreased relatively little, biscuit CD7 and
the wafers "“driftad" to l2-mmnths lows and then increased saie during
the second year, while crackers CD8 and CIl "drifted" to 12 wonths
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and frou 12 .ioaths, respectively, Cri.cker (DY and biscuit CD2
decreased gradually over the two years. Biscuit CD4 decreased
sradually to 16 ..onths and cracker CN3 re.ained relatively
stavle for 18 .wontha, then both "broke" to lower levels at

2L .onths, As seen from Table 27, -he 'treak" in CD4 was the
only changze which placed the flavor level of any ite: out of
the range of other iteiis in the sa.e prcduct group.

Pglatgoility, The initial :ean rating of palatability
was 6.21, the average rating for the first 18 uonths of storage
was 5.93, and .ean rating at 24 ..onths was 5.82. Product and
ve.iperature ..eans were as follows:

initial palgtgoility gfter 24 onths

products palatabilit:~ 100°F TO°F LO® & Q°F
crackers 6.11 £ .27 5.25+% .22 5.89 ¢ .20 5.79 t .20
biscuits 6.6¢ + .57 5.08 £ ,32 6.2, £ .38 6.41 £ .40
wafers 5.5C % 4 5,56 £ .22 5.54 £ .22 5.64 £ .07

As with flavor, biscuits CD2, 6 and 7 were rated higher

tnan the other seven iter:s, and the teiperature "break" for
craclers and biscuites was at 100°F, Wafers exhibited no sig-
nificant te.perature effect as & group, but the low-terperature
sauples of CD9 averaged .23 higher than samples fro.a 70°

and 100° at 2, .;onths (Table 23). Tiue effects varied wich
itews; biscuit CDo chanjed very little for 16 iwonths, then
increased slizhtly at 24 ixonths; walers had slight drops at

12 and 6 .ionths, respectively, then increased slizhily over
the re.aining periods; cracker CDl iiacreased to 12 ..onths,
then returned to just Lelow initial during the second year.
Crackers CD5 aad 8 and viscuit CD7 decreased socwewhat to 12
.;onths, then "leveled off'" for the second year, while craclier
CD3 and viscuit CD4 reuained near initial level for 18 .onths,
then dropped at 24 twonths. Again, CD4 was the only iten which
was significantly outside (below) the ranze of its product
sroup at the end of two years,

ITII.A.5.c. Correlations of Palatavility Ratings with Objective
i.sasurexents. (Taole 29)

.any of the correlations with palatability were changed
or cansideravly iafluenced Yy t.ae relatively sharp increase in
staleness or rancidit;’ of the higher-te:perature sa. ples frou
15 to 24 .onihs, These shifts .4y ve observed in the corre-
lation coefficients ziven in Tavle 29. As exaples sone
preference for lighter-color iteas is indicated at 18 aonths,
while increased stalaness of hisher-teperaiure ss ples
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(also lighter in color) apparently overbalanced this preference
at 2, months, The same trend is shown in relation to rancidity
values--all correlations except a few with wafers had "switched"
to negative (lower ratings for higher-temperature, more rancid
samples) by 2, months. Correlations with moisture content were
relatively variable--moisture levels apparently varied mostly
with items and cans--but items and samples having lower fracture
strength, regardless of moisture, were rated scmewhat higher in
palatability, Correlations with residual oxygen were generally
positive, as samples at lower temperatures retained more oxygen
than did the staler high-temperature rations, Finally, corre-
lations between sen®m ry quality scores (5-member panels and pala-
tability ratings (25-member hedonic panel) have generally
increased, as most of the differences which were detected at earlier
periods by the sensory judges were exerting a definite influence
on preference rptings by the second year.

The second}year data in general suggests that the bulgur
wafers, although initially rated lower than crackers and much
lower than biscuits, may prove to be as stable or more stable
than either for prolonged storage at normal or elevated temperatures,

B, Carbohydrate Supplements

As the "survival candies" have been stored only one year,
with two additional 6-months examinations scheduled for the
second year, results were somewhat less definite and are discussed
with somewhat less detail than were those for the two-year bakery
items under section A.

IIT1.B.l.a. Condition of Packages.

The following data are for bags from all cans examined
at 0, 6 and 12 months.

Number per can. The amall candy bags were specified at
20 bags per can, and ca 93X of the cans of CD1l and CD13 have
contained 20 or 21 usable bags, the other 7% containing 19 bags.
Iten CD12 had 20 or mora usable bags in less than 66% of the
cans, with 19 bags in another 14%; the other 20X or six cans
contained 18 and 11 usable bags in two cans each, 15 in ane cmn,
and one had no bags at all. The low-count cans usually had 20
bags, but 2 to 9 of them were tom or had only one side seam,
hence were not usable.
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Internai size. All vags of CD1l had 3 inches x 5 inches
(300 % 500) of internal capacity; 834 of bags in CD13 were
300 x 500 and 14% were 300 x 506 (3 inches :x 5% inches), with
ca 3% undersize at 203 x 500. CD12 had 5% nor al 30C x 500
va;s, ca S undersize at 300 x 413, and ca Of undersize at
213 x 500. The other 4., of the CD12 bazs were not sealed on oae
of the side sea.s.

Length of top lip, Jags froii CD13 had ca 96.5% nornal
04 (4,16 inch) top lips, the other 3.5% of the lips being 05.
CD11 had 83% normal lips, 175 slizhtly short at 03, Lips of

CDlg vags were 07 in 5w, 05 in 3.5%, norsal O4 in §6.5%, 03 in
Le5Sw, aad 02 ia 0.5%.

Width of side sea.s. 3a;s ro.: CD1l had ca 79.5% normal
04 (4 inch) side seaus, with 1..5% extra wide at 00 and &; slightly
aarrow at 03. Seaws of bags froa CD12 and CD13 were 72, nor.al 04;
wider sea:s included 7.2% at 06, 11.6x at 07 or U8, 2.4% at 09
or 10, 1.1% at 11 or 12 (12 = 3/4 inch); under-width sea's incl. ied
2.5+ at (3, 0.0% at 02, 1.2 at 01, aid 1.05 (25 of CD12 seas)
at CO or no sea. on one side.

Results of seg. test. lNoze of the seaus of bazs froa (D11
or CD12 were co.pletely pulled apart U, the sea: test (a steady
1-1b pull for 5 .iautes at 73°F,/ 505 r.ia.), out ‘coplete separations
of geaus fron CD13 were 5.5, 7.5% and 3.5% at 0, 6 aad 12 _onths
respactively. There was no evidence of tearing of Lag fabrics
in any of the tests.

Scu.e of the sea.s were 3lightly "peeled back"” Ly the test,
without co.iplete separation., L1 terus ol inches of total sepa-
ration per can (2C Lags or 40 sea:s), wean separation for all
cans of CD11 and CD12 was .06 + .07. Total and partial separations
i1 seais of CD13 averaged .72 inch per can on initial tests,

.85 % ,05 inch at 6 .oaths, and 1.37 £ 3.13-1.21 inches at 12
.0aths. ..ean te.perature values at 6 and 12 _onths were .52 t .30
at 100°F, .32 + .30 at 70°, 3.47 % 1.94 at 40°, and .94 % .53 at
Ce.

111.3.1.5. Condition of Candies.

There was .0 apparent effect of storage on any physical
charscteristic of the candies axcept color. The following data
therefore inciude ;11 cans exaiined throyzh the first year.
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Condition CC11 cD12 CC13 ch11-13
Lean std.dev,
86 cans

count percent:

leon iype Ld.2 48.5 49.7 8.1 6.5
cherry type 53.8 5.5 50.3 51.9 6.5
nor.al shape 89.4 81.7 88.4 86.3 6.9

chipped pieces 2.9 17.4 5.8 8.7 8.3
off shape pieces 4.3 0.9 L2 3.1 2.6
orolen vits® 1.5 0 1.3 1.0 1.1

clu ped pieces 1.9 A o £ +2,6,-.8

unsanded or
Off LOlO!‘ .l ol ol ol +-l},"ol

wei-ht vercent: '
loose sugard 3.1 b .9 1.5 +1.7,-1.4

clu.ped pieces: '
aw.ver per clup 2.3 2.1 2.1 2.2 +2.6,-.2

%Calcilated as excess count of pieces over the aucunts of broken
bits necessary to icake chipped pieces up to full weight; count
w23 Delow zero in several sauples, indicating chips lost vefore
candy was placed in cans.

bLu:ludcss all waterial of particle size less than 8—uesh.
III.2.2.a. 3ensory Quality Scores, Appearance and Color. (Tahle 30).

Although the two quality factors were scored separately,
appearance sccres were largely deterined vy color and the two
scores wers very nearly the saue. The data ziven in Table 30 are,
Lherefore, combined appearance-color scores, initial values for
which were 8,36, 8.24, and 6.20 for CD11, 12, and 13, reapectively,
or a "ean of 8.27.

As seen, color of CDI2 and 13 w3 ot seriously affected hy
one year of storage even at 100°F, The hizher taupersiures caused
sa ¢ fading of CD11, howaver, wdth foration of s bleached or
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. "whitish" surface ring on soiie of the red pieces fro.. non-
tizhtly-sealed cans stored 12 :oaths at 100°F/80S r.h.

z.1.B.2.b. Hunter Color Values. (Tables 31 and 32)

Actual '"shades"of coler were quite variavle a.ong cans
and pieces in—cans, as evidenced Oy tie relatively large can
differences snown in Tables 31 aad 32, ‘lso, sanding suzar was
scraped frou candy used for initial exazination (sugar reroved
Yefore choppin: and sieving) vut this was found iupractical for
the lar;er nuaber of cans froa storage. This change in technique
anparently resulted in higher readings for Hunter L, the esti-
.ated increase being 5.5 + 0.& for yellow and 3.3 t 2.2 for red
candies of tim three procurecent lots, Changes in "a" and "b"
were less than the variability of saiples, so could not uve
deterrzined witn any degree of reliability.

L values. The only indication of a te.perature effect on
L values ("lightness by reflectance”) was a :iean increase of
2.9 + 1.2 for 100°F sa.ples of CD11 red. The saple frou
1C0*/80% at 12 .ionths (Tavle 32) averaged 5.7 units higher than
the other five CD1l red sasples—this was the sarple having the
whitish surface ring. The decreases of ca 1.5 in CD1l and 12
vellow and 3.3 in CD12 red at 12 .wnths were apparencly ‘case
lot" differences. i

“g'" values. There was no consistent pattern of changes
in "a" values, which were in the zreen range for ellow candies
of CDll and 13, the slizhtly pinl: area for yellow of D12, and
of course the red for red candies. The general average was
slizhtly lower for red candies fraan 10C°F, however--13.13 for
100* vs 14.65 for lower teamperatures, indicating a possivle
tendency for fadin; at 100°. Reference to Table 32 will show
that the 100°/80% sauple with lijuier surface ring averaged 3.3
units below the other CD1l red sa.ples.

“p' values. There was also no coasistent pattermn in "b*
values, which were well up in the yellow range (average 35.6
or ca 1.7 above i1itial) for vellow candies ard low in the
vellow (average 4.7 or ca saue as initial) for red candies.
The lighter 12- wnth, 100°/80% saple of CO11 red was ca 0.9
unit under iter: .;ean, as co.pared to the can difference of
0.64 shown in Tavle 32.

a/o> ratios. The ratios are included in Tables 31 snd 32
for future referance if needed—ther indicate no definite
trexds at this period of storags.
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1I1.2.3. Fracture Strength. -- not applicable to candies,
IIT.5.4.a. desidual Oxysen in Cans.—ifot deter.ined in candies.
III.3.L.0. .oisture Content. {Tacle 33)

There were no aiznificant differences in .oistwe content as
related to storage timne or terperature, except an apparently
sli;ht tendency for increase with decreasin: teaperature in CD12,
Iter: CD11l had considerably zreater ranges (1.465 to 2.32 and
2.163) than the other candies (range .23 + .10%) and CD12 averaged
.30 = ,08% lower than CD11 or 13. Yellow and red candies averaged
avout the sa.e rnoisture content in CD1l and 12; CD13 yellow
averaged 0.20 avove CD13 red, but red candies were hizher in 5 of
the 28 cans examined.

III.3.4.c. Rancidity Values.--Not applicable to candies.

III.3.4.d. pH Values. (Table 33)

The only significant differences in time-teiperature reiation-
ships for pH values were a general increase over initial values,
averaging ca .25 higher at 6 iionths and .30 higher at 12 .xonths, .
aad slighily lower values fran 100°F than fro. lower temperatures ’
for CD12, reans being 6.86 vs 0.93 a:d 6.96 vs 7.09 at 6 and 12 )
uonths, respectively. lote: The zeneral incregse iay have resulted
fro.: a .eter error, as z partial recheck of the three candy items
after corplete factory overhaul of the umeter gave results averaging
ca .30 lower than the 12-pmonths values of Tanle 33.

Values for CD1l hed greater ranges (.60 and .25) than those
for CD12 and 13 (.17 + .04), and wean values for C[11l were sligl:tly
lower (5.84 va 6.99 + .06)., There was no significant difference
between yellow and red candies in any iteu. JSignificant corre-
lations of pH and .wisture contents were —.628 for CD1l red and
-.634, and ~.724 for CD12 and 13 yellow at 6 wenths, but +,600
for CD12 yellow and red at 12 months. Other correlations wure
non~-significant and all except one were positive, so there was
ajparently no consistent relationship c¢f pH to moisture; asso-
ciation of higher ..oisture with lower pH could influence stability
of suzars,

III.B.L.e. 3Sugar Contents, (Tzble 34) .o

There was no definite inlluence of storsge on sugare during 1

the first year. As seen fro.: the dats on Table 34, itau CD12 - I
was lower in dextrose (16.09 vs 17.71 & .38) but higher in sucrose
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(8.0 vs 63,44 +.76) than items CDil aad 13; dextrose/sucrose
ratios were 246 vs 270 £.009, but total sugars were about the
same, being £9.59% for CD12 'and £1.15 +.64% for CD1l and 13. .
CD12 was less variable, sample ranges averaging .63 +.42%, whereas
ranges for OD1Y and 13 averaged 1.51 +.63%. Mean differences
between cherry and leron types vere -.1%, dextrose, .35% sucrose, '
or .19% total suger, vith item differeaces rangiog up to 2T

toial sugar fer CD12, ,6T% total sugar for CDL1, ead 56

sucrose tor Cpl3.-

With no definite trends in the s.gars, it was not suxgrising ’
that correlaiions of sugars vith pH and moisture values were
also indefinite: Using candies as lemon, cherry and total - -
senple, timés as £ and 12 months,  roducts as CDl1l, 12, 13 and
totel; and svgar values as dexttose , ‘sucrose, total sugar and
dextrose/sucrose ratio, save a total cf $5 possible correlations
‘ with-pH and 96 with-moisture, Assuming tjst higher te.petatured, =

- Yowér-pH and -hizher molsture might tend tc ~timlate inyerston

of suercse, wdth the possivility that some of tie lower-poly- =
saccharides might also be split to disaccharides by this cambi-
nation of influences, an expected sign (positive or negetiv‘e)
could be nredicted for each correlation. Ouly 65% of the pd
correlasions had the predicted sign, and ornly 15% were significemt;
one of tiese with tie "wroog" sign. Of the mcisbure corre-
lations, only 53% had the predicted sign and only 22% were
sighffictne, including 9% vish unpredicted sign, Herce it
seeNs apparént that “czsivie defimition cf- such secrage tnmdr
must aa&ﬁt‘, ther sborage : ,-‘- - i

III.B 5.8 Sauon Secres fot«‘rextm, Arcmani Flavor e
(Tables 30 and 35). - : - X :

Texture. Scores for texture at 12 woaths indicated no
definite uempe*dtu‘e .effact exdept a redicsion of ca 0.5 poiré -
for tie ohinge in surfaee crystdl structure o the 'vhixe ‘rirg"'

' re4 candy of ODLL frox the 1CQR/B0% condition. Mean scores &
vere higher tham at'§ months (feble 30) each item averaging .
as 0.2 kess than initial (initiels everaged 6.56 for CDI2-and ~
8.22 +.02 for-Chbil end 13). fhcsempmhbiynoreneuly A
représentative of the product, ‘o8 cumments indicated that even
the more persistent !udges had leerned, vy the conclusior of
the O-montlis examinations, that the ca.rbohyd.rate svpplemnt wu
aqt doam to be a&ten uke pemvbs. Coe _f— =

. i e

AN". I-at;..alnmnwm-eﬂ rbpcml, -2;::&1-3 weh‘_,se& v .
736"?@ and 7.80, !‘cmively »nm in Tedie 35', 1}!:
* ’ e e e -~ B O S ‘
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CD1l was scored higher at 6 ironths 5 CD12 and 13 somewhat lower
vecause of "lack of arowma.” Scores at 12 :onths were nearer
initial (judges having learned that CD12 and 13 had to be cracked
open to evalvate arciia). Teuperature effects were fairly definite;
with 40° and O°F samples averaging 7.66 at 6 no:ths and 8.08 at

12 _onths, 70° samples averaged .33 t .41 and .23 & .25 lower, but
100° sauaples were .01 + .33 and 1,04 £ .25 lower, for the two :
storaze periods. Typical couments were "lacking! for 70° storage,
terpene’ or Martificial for 100°, with CD12 changing less than
the other two items.

Flavor. With initial averages of 7.92, 7.32 and 7.55, respec-
tively, changes in flavor scores nay ve estiated by reference to
Taole 35, From 40° and O°F scores averazing 7.62 at € months and
5.07 at 12 uonths, reductions averaging .75 for CDll at 6 months
and .52 £ .13 for all iteis at 12 months resulted from storage at
70°, iiean scores froim 107° storage were .53 £ .23 and 1.08 t .13 lcwer
than 40° - 0° levels at the two periods. !"Strong" "terpene," and
"artificial? were variously noted as descriptive of flavor in
the 100° sauples,

IIT.3.5.b, Hedonic Ratings for Aroima, Flavor and Palatability.
(Tavle 36)

{lith the exception that initial mean hedonic rating for [lavor
and palatability was 7.57, the hedonic ratings were generally Jpower
than were the sensory quality scores discussed avove (general
averaze 6.89 hedonic, 7.50 sensory).  Hedonic :ieans also exhibited
iess "spread” for tenperature effect, maximum and average iteu
ranzes vetween 100° and 40° - 0°F being O.4€ and 0.13 for hedonic
ratings, 1.30 and 0.8l for sensory scores.

Argia, Initial aroia ratings for CD1l, 12, 13 were 6.88, 6.70,
7.04, respectively., As seen in Table 36, mean ratings for CDll
and 13 were sonewhat lower at § .ilonths, but l2-months ratings averaged
near the initial 6.89. Temperature reductions from 40° - 0° .
ratings averaged .07 t+ .06 and .03 £ .06 at 6 and 12 months for 70°,
Al £ .11 and .23 ¢ ,14 for these periods at 100°. Iliean 100°
reductions were greater in CD12 (0,30), :axiun reduction (0.34)
was in CD1L at 12 ::onths.

Flgvor. Initial flavor ratings for the three iteus were 7.75,
7424, 7.76, average 7.59. Iteu neans for $ and 12 months, {rom
Tavle 36, were 6.94, 6.97, 6.9L, average 6.95, eliiinating the
initially-lower rating of CD12. The difference between ,0°® - O°
and 70® for the first year averaged .0l t .10, or no temperature
effect at 70°, At 107°, CDIR averaged .27 + .02 below the 40* - O°
lavel, cut CD1l and 13 were lower, by .46 and .11, only sfter 12
Jouths,
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Palatability. Initial ratings were 7.4C, 7.40 and 7.75,
average 7.55, for the three supplements. Storage means, from
Table 36, were 6,94, 7.03, 6.91, average 6.96, eliminating the
initielly-higher rating of CD13. Differences between 40°-0°
and TOOF were negligible (.0l +.10); 100CF samples were rated
lower only for CD12 (-.20 #.03) and, after 12 montks, for
CDh11 by 0.h4o.

ITI.B.5.c. Correlations of Palatability Ratings with Other,
Measurements.

There was not enough indication of a trend in correlations
of candy palatabllity with anj other measurement to merit
tabulation. Of the 206 coefficients determined with Hunter color,
moisture, pH, sugars, and the sensory scores 0y the five-member
panel, 54% hed a positive sign, 46 were negative. Only 11%
were large enough for statistical significance, and these were
also divided into positive (6%) and negative (5%) coefficients.
Among individual measurement groups such as color, sugars, etc.,
no greup had more than 62% of the saue sign, either positive or
negative, so no conclusions as to "expected” or predicted signs
were warranted, In brief, palatability ratings of the carbohydrate
supplements, exhibiting practically no significant trends, could
not ve related to other meazurements which also exhibited little
or no trends after one year of storage.
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